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AbstrACt
Objective To examine whether reduced handgrip strength, 
as a marker of muscle weakness, is linked with the risk of 
cardiovascular, cancer and all-cause mortality among older 
adults.
Design We used data from the 2006 to 2014 Korean 
longitudinal study of ageing study. Estimates of handgrip 
strength were collected using a handheld dynamometer. 
Cox proportional hazard models with time-varying 
covariates were used to estimate HRs and their 95% 
CIs for all-cause mortality. The cause-specific hazards 
regression analysis was also used to model cardiovascular 
and cancer mortality, by treating deaths from the cause of 
interest as events and other causes of death as censored.
Participants 5859 participants aged 50 years or older 
were followed up until death or until the date of censoring 
(31 December 2014).
Primary outcome measures The study outcomes 
of interest were all-cause, cardiovascular and cancer 
mortality.
results Of the participants included in analyses, 515 
individuals (8.8%) died, reflecting an overall crude 
mortality rate of 11.0 deaths per 1000 person-years. 
Participants in the lowest handgrip strength tertile showed 
an increased risk of all-cause and cardiovascular mortality 
evidenced by a multivariable adjusted HRs of 1.90 (95% CI 
1.33 to 2.73) and 1.59 (95% Cl 1.08 to 2.34), respectively. 
However, there were no significant differences in the rates 
of cancer-related death, with HR of 1.29 (95% CI 0.92 to 
1.81 [lowest vs highest tertile; p trend=0.21]).
Conclusion These results demonstrate that lower 
handgrip strength is an independent predictor of mortality 
among a population-based sample of Korean elderly; 
highlighting the importance of interventions targeted at 
enhancing muscle strength for improvements in survival at 
older ages.
IntrODuCtIOn
With global population ageing and increases 
in longevity observed over the past few 
decades, increasing attention is being given to 
the importance of muscular strength, a phys-
iological variable, that is, fundamental for 
maintenance of functional ability in later life.1 
A growing body of research demonstrates that 
muscular strength, as measured by handgrip 
strength shows a decreasing correlation with 
age and is associated with a variety of health 
outcomes, including disability,2 3 hospital-
isation,4 health-related quality of life5 and 
survival in diverse samples of older adults.6–10 
According to a recent meta-analysis of 42 
prospective cohort studies, lower handgrip 
strength is associated with 41% excess risk of 
dying from all causes, even after adjustment 
for several confounders including levels of 
physical activity and pre-existing comorbidi-
ties.11 Furthermore, similar associations have 
been reported in several patient populations, 
suggesting that muscular strength protects 
against mortality not only in healthy but also 
in diseased populations.12 13 Accordingly, 
handgrip has been widely and increasingly 
recommended as a useful clinical means for 
stratifying individuals’ risk of dying from any 
cause, as well as disease-specific causes, such as 
heart disease, and cancer. However, research 
on the prognostic value of handgrip strength 
for mortality, particularly among Korean 
elderly, is limited and specifically, most studies 
of handgrip strength in middle and old age 
have investigated associations with all-cause 
mortality, and studies that have examined 
cause-specific mortality are less common. 
strengths and limitations of this study
 ► To the best of our knowledge, this study is the first 
long-term follow-up study to demonstrate the prog-
nostic role of handgrip strength for mortality in the 
Korean elderly population.
 ► The use of an objective and standardised test for the 
assessment of muscular strength and the nationally 
representative population-based sample.
 ► Owing to the limits of the sample size, cause-spe-
cific analyses were restricted to cardiovascular and 
cancer mortality. Future studies should further ex-
plore other causes of death.
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To address this gap in the literature, we aimed to quan-
tify the association of handgrip strength with all-cause, 
cardiovascular, cancer mortality in men and women from 
the Korean longitudinal study of ageing (KLoSA).
MethODs
Patient and public involvement
Including patient and public involvement (PPI) state-
ments aligns closely with BMJ Open’s values of trans-
parency and inclusiveness. We hope that including PPI 
statements in all articles is the first step of many for BMJ 
Open in encouraging patient involvement.
study population
The KLoSA is an ongoing longitudinal study that contains 
a nationally representative sample of the middle-aged 
to older Korean population living in households. A 
more detailed description of KLoSA can be found else-
where.14 15 Briefly, the baseline data were collected in 
2006, with participants recruited through multistage, 
stratified probability sampling based on the 2005 census 
enumeration districts. A total of 10 254 respondents 
aged 45 years and over completed the baseline evalua-
tion, which included sociodemographic characteristics, 
medical history and measurement of cognitive function. 
After the baseline interview, follow-up interviews took 
place at regular 2-year intervals in 2008, 2010, 2012 and 
2014. 
From the original sample, all participants aged 50 
years or older were selected. Of the remaining 8465 
individuals, we excluded those with missing baseline 
data (n=1695). Additionally, we restricted our analysis 
to persons whose data on handgrip strength were avail-
able on at least two occasions in order to account for the 
variability in handgrip strength measurements over time 
using time-dependent Cox regression. These restrictions 
resulted in a final sample of 2668 men and 3191 women 
(n=5859).
Assessment of handgrip strength
Handgrip strength was recorded to the nearest 0.125 
kg using a handheld dynamometer (Tanita 6103, Tanita 
Corp., Tokyo, Japan). Participants were instructed to 
squeeze the handle of the dynamometer as hard as they 
could while seated, with their elbow flexed at 90°, and 
the forearm and wrist in neutral position. Two trials 
were recorded for each hand and the average of all 
four measures was used for analyses.16 Individuals were 
further classified into tertiles according to their handgrip 
strength score: tertile 1, ≤20.250 kg; tertile 2, from 20.375 
to 28.875 kg; and tertile 3, from 29.000 to 60.250 kg.
Ascertainment of mortality
We followed all those included in the sample for the next 
four waves (waves 2–5) to verify their vital status. Infor-
mation on mortality and date of death were ascertained 
based on a variable that recorded participants’ year and 
date of death taken from the respondent’s exit inter-
view. The causes of death were also obtained during the 
exit interview, in which a proxy informant—usually the 
spouse, child or a close relative of the deceased respon-
dent—who is knowledgeable about the family and the 
deceased were asked to report the main cause of death 
as listed on death certificates. For the purpose of this 
study, participants were followed up until death or until 
the date of censoring (31 December 2014) for those who 
were alive, whichever occurred first.
Potential confounding variables
Based on our knowledge of the existing literature on 
factors associated with the reduction in muscle strength 
and mortality and on statistical criteria (variables showing 
p<0.05 in the univariate analyses), the following poten-
tial confounding variables were selected for inclusion 
in the multivariable Cox model: age,17 gender,17 educa-
tional attainment,18 total household income,18 smoking 
status,18 physical activity,19 body mass index (BMI),20 
alcohol consumption,10 comorbidities,12 19 21 cognitive 
function,22 23 depressive symptoms12 24 and social partic-
ipation.22 25
Information on demographics (age, sex, education 
and total household income), health-related behaviours 
and conditions (smoking status, alcohol consumption, 
physical activity, BMI, comorbidities and cognitive func-
tion), mental health and social activities were collected 
during a face-to-face interview with computer-assisted 
personal interviewing. Age was measured in years and was 
included in the analyses as a continuous variable. Gender 
was dummy coded as 0=male, 1=female. Participants’ 
educational attainment was categorised as (1) elemen-
tary school or under, (2) middle school, (3) high school 
completed and (4) college or above. Total household 
income was also categorised into four groups based on 
quartiles (low, middle low, middle high, high). Respon-
dents were categorised according to their smoking status 
as (1) never smoker, (2) former smokers and (3) current 
smokers. Physical activity was assessed by asking the partic-
ipant whether they engaged in any type of exercise at 
least once a week (0=Yes, 1=No). BMI was calculated from 
body weight and height, and participants were classified 
as underweight (BMI<18.5), normal (18.5≤BMI<23), 
overweight (23≤BMI<25) and obese (BMI≥25) according 
to the revised Asia-Pacific BMI criteria by the WHO 
Western Pacific Region.26 Participants were asked to indi-
cate whether they consume any alcohol with the following 
question ‘Do you sometimes or often drink any alcoholic 
beverages, such as beer, wine or liquor?’ responding 
0=No or 1=Yes. Presence of chronic diseases was assessed 
by self-reported doctor diagnosis of eight medical condi-
tions. Participants were asked to respond to the following 
question: ‘Has a doctor ever told you that you have hyper-
tension, diabetes, cancer, chronic lung disease, liver 
disease, cardiovascular disease, cerebrovascular disease 
and arthritis?’. The total number of comorbid conditions 
was summed and dichotomised into two groups: none or 
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one or more conditions. Cognitive function was measured 
with the Korean version of the Mini-Mental Status Exam-
ination (K-MMSE). Scores range from 0 to 30, with higher 
scores indicating better cognitive function.27 Depressive 
symptoms were assessed using the Korean translation of 
the 10-item short-form Center for Epidemiological Stud-
ies-Depression (CES-D10) Scale.28 The CES-D10 assesses 
self-reported depressive symptoms experienced during 
the 2 weeks prior to testing; the scale includes two posi-
tively phrased items (‘feel pretty good’ and ‘generally 
satisfied’) and eight negatively phrased items (eg, ‘feel 
afraid’). Each item is scored from 0 to 3; (0) very rarely or 
less than once per day; (1) sometimes or 1–2 days during 
the past week; (2) often or 3–4 days during the past week; 
and (3) almost always or 5–7 days during the past week. 
All positively phrased items were reverse-coded and the 
scores for the 10 items were summed to obtain the total 
score of CES-D (range: 0–30 points). Scores of 10 and 
higher denotes significant depressive symptoms.29 With 
regard to social participation, individuals were asked to 
report their engagement in seven types of social activi-
ties using the question: ‘Do you participate in any of the 
following activities?’ (1) religious activities, (2) friendship 
gatherings (eg, senior centres), (3) leisure activities (eg, 
leisure, culture, sports classes), (4) alumni activities (eg, 
school or hometown alumni, clan meetings), (5) volun-
teer activities, (6) public activities (eg, political parties, 
civic groups, profitable organisations) and (7) other activ-
ities. Each question could be answered yes-or-no and the 
total number of formal social activities was summed and 
categorised as 0 (no participation), 1 or ≥2. All covariates 
were measured at baseline and at each of the follow-up 
surveys, except for age and sex which were measured only 
at baseline.
statististical analyses
All data were analysed using SAS Statistical Software V.9.4. 
Baseline characteristics were presented as mean±SD or 
percentages. Characteristics were compared according 
to baseline handgrip strength tertiles and vital status 
at the end of follow-up, using Pearson’s χ2 test for cate-
gorical variables and analysis of variance for continuous 
variables. Time-dependent Cox proportional hazard 
models were used to estimate HRs and their 95% CIs 
for all-cause mortality, comparing the handgrip strength 
categories, with the reference group being participants in 
the highest tertile. The cause-specific hazards regression 
analysis was also used to model cardiovascular diseases 
(CVD) and cancer mortality, by treating deaths from the 
cause of interest as events and other causes of death as 
censored.30 31 Four multivariable models were presented 
to adjust confounding: model 1 adjusted for baseline age 
and sex; model 2 adjusted for age, sex, education and 
quartiles of total household income; model 3 adjusted 
for time-varying smoking status, physical activity, alcohol 
consumption and obesity in addition to the variables 
in model 2; model 4 adjusted for self-reported doctor 
diagnosis of comorbidities, depressive symptoms and 
engagement in social activities in addition to the variables 
in model 3. Additionally, we repeated analyses excluding 
who died within 2 years of follow-up in model 5 to assess 
the possibility of reverse causation. Furthermore, as 
descriptive statistics pointed to a significant difference 
in handgrip strength by age and gender (mean±SD of 
handgrip strength for males and females were 31.8±6.6 
and 19.3±4.7 kg, respectively), we included multiplica-
tive interaction terms along with the main effect in our 
Cox models, in attempt to assess possible effect modifi-
cation by gender and age groups (<60 and ≥60 years). 
However, we found no evidence that the associations 
between handgrip strength and mortality differed by 
gender or age groups (all p-interaction >0.05). Hence, 
results obtained from the pooled sample are presented. 
Results of gender-specific analyses are shown in online 
supplementary table 1.
results
General characteristics of the study population
Overall demographic and baseline health-related charac-
teristics of the 5859 participants and stratified by tertiles 
of handgrip strength are shown in table 1. Mean age was 
63.2 years; 45.5% were men. The sample was fairly evenly 
distributed with respect to baseline total household 
income. Over half of the participants reported completing 
elementary level education (51.0%), 17.6% were middle 
school graduates, 23.6% were high school graduates and 
7.8% had completed a university degree or higher. The 
percentage of subjects smoking at baseline was 19.1%, 
10.8% were former smoker and 70.1% never smoked. 
About 62.4% identified themselves as non-drinkers and 
39.4% reported engaging in regular physical exercise. 
About 24.2% were classified as obese, 29.3% were classi-
fied as overweight, 42.9% were classified as normal weight 
and 3.6% were classified as underweight. The mean 
K-MMSE score was 25.1±4.3. Approximately half (50.1%) 
reported one or more comorbidities and nearly one-fifth 
of participants (19.4%) met the CES-D10 criteria for 
depressive disorder. Study participants with lower hand-
grip strength tended to be older, female, never-smokers, 
be of lower socioeconomic status, less physically active, 
less likely to consume alcohol on a daily basis, report 
lower K-MMSE score, have higher prevalence of depres-
sive symptoms and doctor-diagnosed chronic diseases, 
and less likely to participate in social activities than those 
with higher handgrip strength (all p<0.001).
Table 2 shows baseline characteristics of the study 
population in relation to vital status at follow-up. A higher 
proportion of survivors were female, and younger. The 
mean age of the survivors was 62.4±8.4 years, whereas 
the mean age of the deceased group was 71.0±9.3 years 
(p<0.001). The non-survivors had significantly higher 
proportion of those with elementary school educa-
tion (65.4% vs 49.6%) and low total household income 
(39.6% vs 24.6%). In addition, the people who died 
during the observation period more likely to be current 
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Table 1 Baseline characteristics of the study population according to handgrip strength, Korean longitudinal study of ageing
Characteristics (n, %)
Overall
Handgrip strength
P value
Tertile 1 Tertile 2 Tertile 3
(≤20.25 kg) (20.375–28.875 kg) (29.00–60.25 kg)
n=5859 n=1972 n=1930 n=1957
Age (years, mean±SD) 63.2 (8.83) 66.7 (9.10) 62.2 (8.56) 60.6 (7.59) <0.001
Sex
  Male 2668 (45.5) 128 (6.5) 656 (34.0) 1884 (96.3) <0.001
  Female 3191 (54.5) 1844 (93.5) 1274 (66.0) 73 (3.7)
Educational attainment
  Elementary school 2990 (51.0) 1457 (73.9) 995 (51.6) 538 (27.5) <0.001
  Middle school 1030 (17.6) 262 (13.3) 394 (20.4) 374 (19.1)
  High school 1379 (23.6) 213 (10.8) 423 (21.9) 743 (38.0)
  University degree or above 460 (7.8) 40 (2.0) 118 (6.1) 302 (15.4)
Total household income
  Q1 (low) 1517 (25.9) 680 (34.5) 466 (24.2) 371 (18.9) <0.001
  Q2 (middle-low) 1382 (23.5) 524 (26.6) 480 (24.9) 378 (19.3)
  Q3 (middle-high) 1462 (25.0) 414 (21.0) 501 (25.9) 547 (28.0)
  Q4 (high) 1498 (25.6) 354 (17.9) 483 (25.0) 661 (33.8)
Smoking status
  Never smoker 4106 (70.1) 1822 (92.4) 1475 (76.4) 809 (41.3) <0.001
  Former smoker 631 (10.8) 46 (2.3) 167 (8.7) 418 (21.4)
  Current smoker 1122 (19.1) 104 (5.3) 288 (14.9) 730 (37.3)
Alcohol consumption
  No 3658 (62.4) 1645 (83.4) 1316 (68.2) 697 (35.6) <0.001
  Yes 2201 (37.6) 327 (16.6) 614 (31.8) 1260 (64.4)
Physical activity
  Yes 2306 (39.4) 620 (31.4) 767 (39.7) 919 (47.0) <0.001
  No 3553 (60.6) 1352 (68.6) 1163 (60.3) 1038 (53.0)
Obesity
  Underweight 211 (3.6) 114 (5.8) 55 (2.9) 42 (2.2) <0.001
  Normal 2511 (42.9) 899 (45.6) 848 (43.9) 764 (39.0)
  Overweight 1719 (29.3) 477 (24.2) 587 (30.4) 655 (33.5)
  Obese 1418 (24.2) 482 (24.4) 440 (22.8) 496 (25.3)
Chronic illness
  0 2930 (50.1) 755 (38.3) 978 (50.7) 1197 (61.2) <0.001
  ≥1 2929 (49.9) 1217 (61.7) 952 (49.3) 760 (38.8)
Participation in social activities
  0 (No participation) 1564 (26.7) 658 (33.4) 496 (25.7) 410 (21.0) <0.001
  1 2707 (46.2) 954 (48.4) 946 (49.0) 807 (41.2)
  ≥2 1588 (27.1) 360 (18.2) 488 (25.3) 740 (37.8)
Depressive symptoms (CES-D≥10)
  No 4724 (80.6) 1365 (69.2) 1599 (82.9) 1760 (89.9) <0.001
  Yes 1135 (19.4) 607 (30.8) 331 (17.1) 197 (10.1)
Cognitive function
(K-MMSE score)
25.1 (4.31) 23.1 (5.13) 25.4 (3.89) 26.9 (2.55)
CES-D, Center for Epidemiological Studies-Depression; K-MMSE, Korean version of the Mini-Mental Status Examination; Q, quartile.
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Table 2 Baseline characteristics of study participants according to vital status at the end of the follow-up, Korean longitudinal 
study of ageing
Characteristics (n, %)
Mortality status
P value
Deceased Survivors
n=515 n=5344
Age (years, mean±SD) 71.0 (9.26) 62.4 (8.41) <0.001
Sex
  Male 307 (59.6) 2361 (44.2) <0.001
  Female 208 (40.4) 2983 (55.8)
Educational attainment
  Elementary school 337 (65.4) 2653 (49.6) <0.001
  Middle school 78 (15.2) 952 (17.8)
  High school 79 (15.3) 1300 (24.3)
  University degree or above 21 (4.1) 439 (8.3)
Total household income
  Q1 (low) 204 (39.6) 1313 (24.6) <0.001
  Q2 (middle-low) 141 (27.4) 1241 (23.2)
  Q3 (middle-high) 93 (18.1) 1369 (25.6)
  Q4 (high) 77 (14.9) 1421 (26.6)
Smoking status
  Never smoker 294 (57.1) 3812 (71.3) <0.001
  Former smoker 78 (15.2) 553 (10.4)
  Current smoker 143 (27.7) 979 (18.3)
Alcohol consumption
  No 323 (62.7) 3335 (62.4) 0.89
  Yes 192 (37.3) 2009 (37.6)
Physical activity
  Yes 151 (29.3) 2155 (40.3) <0.001
  No 364 (70.7) 3189 (59.7)
Obesity
  Underweight 49 (9.5) 162 (3.0) <0.001
  Normal 262 (50.9) 2249 (42.1)
  Overweight 119 (23.1) 1600 (29.9)
  Obese 85 (16.5) 1333 (25.0)
Chronic illness
  0 201 (39.0) 2729 (51.1) <0.001
  ≥1 314 (61.0) 2615 (48.9)
Participation in social activities
  0 (No participation) 207 (40.2) 1357 (25.4) <0.001
  1 218 (42.3) 2489 (46.6)
  ≥2 90 (17.5) 1498 (28.0)
Depressive symptoms (CES-D≥10)
  No 349 (67.8) 4375 (81.9) <0.001
  Yes 166 (32.2) 969 (18.1)
Cognitive function (K-MMSE score) 22.8 (5.51) 25.4 (4.11) <0.001
Handgrip strength
Continued
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smokers (27.7% vs 18.3%), categorised as inactive phys-
ically (70.7% vs 59.7%) and meet criteria for depressive 
symptoms (32.2% vs 18.1%) compared with those who 
were alive. The non-survivor group had a significantly 
higher percentage of those categorised as underweight 
(9.4% vs 3.0%) and lower proportion of overweight/
obese individuals. Also, the deceased were more likely 
to belong to the low handgrip strength tertile (44.3% vs 
32.6%), report lower K-MMSE scores (mean score 22.8 vs 
25.4), report one or more comorbidities and less likely to 
participate in social activities than survivors. No statistical 
difference between the two groups was found for alcohol 
consumption (p=0.89).
Association of handgrip strength with all-cause mortality
During 46 660 person-years (mean 7.9±0.91 years) of 
follow-up, 515 individuals (8.8%) died, reflecting an 
overall crude mortality rate of 11.0 deaths per 1000 
person-years. Of these, 123 participants died from cardio-
vascular causes and 140 participants from cancer. Table 3 
summarises number of death events, mortality rates across 
tertiles of handgrip strength and the HRs for all-cause 
mortality derived from time-dependent Cox proportional 
hazard models. From the highest tertile to the lowest, the 
mortality rates were 9.7, 8.7 and 14.6 per 1000 person-
years, respectively. As compared with participants in the 
highest tertiles of handgrip strength, individuals in the 
lowest tertile had nearly threefold higher risk of death 
after adjustment for age and sex (HR=2.73; 95% CI 1.96 to 
3.79). After accounting for socioeconomic factors, similar 
associations between the handgrip strength categories 
and all-cause mortality were attenuated but remained 
statistically significant in model 2 (HR: 2.57, 95% CI 1.84 
to 3.60). Further adjustment for behavioural risk factors 
did not substantially change the associations (model 
3). Individuals in the lowest tertile had approximately 
2.3-fold higher risk of all-cause mortality compared with 
those in the highest tertile (HR: 2.27, 95% CI 1.62 to 3.19). 
In the fully adjusted model, after controlling for socio-
demographic characteristics, behavioural risk factors, 
comorbid conditions, cognitive function, depressive 
symptoms and engagement in social activities, handgrip 
strength remained independently associated with higher 
rates of death. Multivariable adjusted HR for all-cause 
death for every 1 kg decrease in handgrip strength was 
1.05, 95% CI 1.03 to 1.07. There was also a significant 
inverse linear trend in all-cause mortality across catego-
ries of handgrip strength (p trend <0.001 for all models). 
Individuals in the lowest tertile of handgrip strength had 
adjusted HR of 1.90 (95% CI 1.33 to 2.73), compared with 
those in the highest tertile. Sensitivity analysis showed no 
important changes in HRs with exclusion of those who 
died within first 2 years of follow-up (model 5).
Association of handgrip strength with CVD and cancer 
mortality
We used cause-specific hazard regression models to 
examine the associations of CVD and cancer mortality 
with handgrip strength (table 4). After adjusting for age, 
sex and the competing risk of non-cardiovascular deaths, 
HRs for CVD mortality across tertiles of handgrip strength 
were 1.27 (95% CI 0.93 to 1.74) for the middle tertile, and 
1.88 (95% CI 1.31 to 2.71) for the lowest tertile of muscular 
strength versus the reference group (highest tertile) (p 
trend <0.001). Although attenuated on adjustment for 
socioeconomic factors, the association between handgrip 
strength and CVD mortality persisted, with a 73% excess 
CVD mortality (HR: 1.73, 95% CI 1.20 to 2.50) among the 
lowest handgrip strength tertile as compared with highest 
tertile (model 2). There was a substantial reduction in 
the strength of the relationship after including smoking 
status, physical activity, alcohol consumption and obesity 
into the model (HR: 1.55, 95% CI 1.07 to 2.26) (model 
3). In the fully adjusted model, the risk associated with 
being in the lowest tertile of handgrip strength was still 
substantial and statistically significant after further adjust-
ment for self-reported doctor diagnosis of comorbidities, 
cognitive function, depressive symptoms and engage-
ment in social activities (model 4). In the model evalu-
ating handgrip strength as a continuous variable, the risk 
of death from CVD decreased continuously with hand-
grip strength (fully adjusted HR for 1 kg decrement 1.02, 
95% CI 1.01 to 1.04).
As for cancer-related deaths, being in the lowest 
tertile of handgrip strength was inversely related to risk 
of cancer mortality compared with the highest tertile 
(HR: 1.57, 95% CI 1.15 to 2.15) after adjusting for age 
and sex. After additional adjustment for education and 
total household income, the effect of handgrip strength 
was attenuated (adjusted HR for lowest vs highest tertile, 
HR: 1.51 [95% CI 1.10 to 2.07]) and this association was 
of marginal significance, once smoking status, physical 
Characteristics (n, %)
Mortality status
P value
Deceased Survivors
n=515 n=5344
  Tertile 1 (low) 228 (44.3) 1744 (32.6) <0.001
  Tertile 2 (middle) 135 (26.2) 1795 (33.6)
  Tertile 3 (high) 152 (29.5) 1805 (33.8)
CES-D, Center for Epidemiological Studies-Depression; K-MMSE, Korean version of the Mini-Mental Status Examination; Q, quartile.
Table 2 Continued 
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activity, alcohol consumption and obesity were taken into 
account. Finally, model 4 in table 4 shows that there was 
no longer a statistically significant relationship between 
handgrip strength and subsequent cancer mortality 
after adjusting for comorbidities, depressive symptoms, 
engagement in social activities and other covariates (fully 
adjusted HR for 1 kg decrement 1.01, 95% CI 1.00 to 1.03; 
HR for lowest vs highest tertile, HR: 1.29 [95% CI 0.92 to 
1.81]).
DIsCussIOn
study findings and comparison with other studies
In this large population-based study of communi-
ty-dwelling Korean elderly followed over 8 years, we found 
reduced handgrip strength to be associated with signifi-
cantly higher rates of all-cause mortality. These associa-
tions were similar across gender and age groups and were 
not fully explained by adjustment for various sociodemo-
graphic, lifestyle-related and health-related factors.
Our findings of a significant relation between all-cause 
mortality and handgrip strength are in agreement with 
results from a meta-analysis of 42 prospective cohort 
studies including over 3 million participants, which 
reported that a lowest category was, after multivariable 
adjustment, associated with a HR of 1.41 for all-cause 
mortality.11 The Prospective Urban-Rural Epidemiology 
study reported a similar finding in adults aged 35–70 years, 
residing in 17 countries of various income levels.32 Other 
studies have also investigated the association between 
handgrip strength and mortality in the general popula-
tion. For example, in the Hisayama study in Japan, multi-
variable-adjusted HRs (95% CI) for all-cause death was 
0.50 (0.40 to 0.62) for tertile 2 and 0.41 (0.32 to 0.51) for 
tertile 3 compared with the lowest-tertile group, among 
those aged 65 years or older.33
As for cause-specific mortality, results for CVD deaths 
resembled that of all-cause mortality, while the relation 
between cancer mortality and handgrip strength was 
not significant in the fully adjusted analyses. These find-
ings are in line with the results obtained from the UK 
Biobank Study,34 which followed 420 727 individuals for 
6 years (HR tertile 1 vs 3=1.38, 95% CI 1.18 to 1.62) and 
the Tromsø Study,9 which followed 6850 participants for 
17 years (HR=1.14, 95% CI 1.06 to 1.22). These studies 
reported a similar inverse association between hand-
grip strength and CVD mortality. In a study of Japanese 
community-dwelling older adults, Kishimoto et al33 found 
no significant association between cancer-related deaths 
and handgrip strength (HR=1.43, 95% CI 0.93 to 2.18). 
Recently, findings from a study which had measures of 
handgrip strength in almost 477 074 participants aged 
40–69 years were reported.35 This study conducted in the 
UK also failed to show a statistically significant relation 
between handgrip strength and cancer mortality.
With so many influences contributing to handgrip 
strength and mortality, the detailed mechanisms under-
lying the association remain unclear, but they are likely T
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to be multifaceted in nature and are worthy of further 
research. One such mechanism may be through endo-
crine system modulation. During the last decade, skel-
etal muscle has been recognised as a secretory organ 
producing and expressing mytokines and peptides, such 
as IL-6 and brain-derived neurotrophic factor, in response 
to contraction.36 37 Mytokines can affect the regulation of 
glucose and lipid metabolism thus contributing to the 
pathogenesis of obesity, diabetes and other metabolic 
disorders. Furthermore, myokines play a pivotal role 
in counteracting the harmful effects of proinflamma-
tory adipokines.38 Indeed, robust associations between 
chronic low-grade inflammation and sarcopenia have 
been observed, and recent studies have shown that circu-
latory concentrations of inflammatory biomarkers are 
significantly elevated in elderly persons with lower levels 
of muscular strength.39–41 Low-grade inflammation is ulti-
mately related to the risk of mortality.42 43 Additionally, 
the results of an association between handgrip strength 
and cardiovascular mortality and absence of association 
for cancer-related deaths, suggest a potential mechanism 
related to the cardiovascular system, which should be 
further explored.
study limitations and strengths
A key strength of this study is the prospective design with 
repeated covariate measurements and the adjustment 
for competing risk for death from other causes, which 
allowed for unbiased estimation of the incidence of 
cause-specific mortality over time. Other strengths of this 
study include the use of objective and standardised test 
for the assessment of muscular strength and the nation-
ally representative population-based sample.
There are number of limitations to this study. First, 
prior work has demonstrated gender-specific relationship 
between handgrip strength and mortality.44 However, 
given the relatively small sample size, gender-specific 
analyses did not produce statistically significant results in 
our study, particularly for cause-specific mortality. These 
null results may be due to an underpowered sample and 
future studies based on larger sample size are needed 
to reliably examine the potential gender dimensions, as 
well as the mechanisms behind the association. Second, 
we undertook analyses using cause-specific mortality; 
however, because of small numbers of deaths, these 
analyses were restricted to cardiovascular and cancer 
mortality. Third, although we have adjusted for various 
confounding factors such as age, physical activity, chronic 
diseases and engagement in social activities, we cannot 
exclude the possibility of residual confounding from 
other relevant covariates which remains unaccounted 
for in our analyses. For example, previous studies have 
indicated that nutrient intake is associated with the 
risk of mortality45 and handgrip strength.46 47 However, 
we were unable to control for nutritional status due to 
lack of nutrition data in KLoSA. In addition, several of 
the covariates were defined based on self-reported data. 
Socially less desirable behaviours such as smoking and 
physical inactivity are likely to be under-reported, and are 
therefore subject to recall bias. Non-response and loss to 
follow-up could also have contributed to biased estima-
tion of the association between handgrip strength and 
mortality, if such loss is associated with both mortality risk 
and handgrip strength. Similarly, the use of proxy-pro-
vided causes of death is subject to measurement bias and 
must be assessed with caution. Nonetheless, to our knowl-
edge, KLoSA is one of the few sources to longitudinally 
study the determinants of health of the ageing Korean 
population, with information on mortality. Finally, as with 
any observational study, we could only assess statistical 
associations and not causal relationships. Ideally, inter-
vention studies designed to enhance muscular strength 
in older adults have to show whether the observed asso-
ciations are truly causal and whether premature deaths 
can be prevented by increasing muscular strength in the 
long term. Nevertheless, additional analysis showed no 
substantial changes in the results after excluding deaths 
within the first 2 years of observation; this argues against 
a reverse causation bias. Importantly, the presence of a 
graded association further supports the existence of a 
genuine association between handgrip strength and 
mortality.
COnClusIOns
Despite these potential limitations, the present findings 
remain important by providing evidence that reduced 
handgrip strength, a marker of muscle weakness, is asso-
ciated with increased rates of all-cause mortality and 
deaths due to cardiovascular diseases among Korean 
older adults, independent of various other risk factors 
examined. Timely assessment of handgrip strength may, 
therefore, be useful in identifying individuals at increased 
risk for premature mortality.
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